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1
DIELECTRIC LAYER FOR ELECTROSTATIC
CHUCK AND ELECTROSTATIC CHUCK

CROSS-REFERENCES TO RELATED
APPLICATION

This application claims priority from Japanese Patent
Application Serial No. 2012-228239 filed Oct. 15, 2012, the
contents of which are incorporated herein by reference in
their entirety.

FIELD OF THE INVENTION

The present invention relates to a dielectric layer for an
electrostatic chuck and an electrostatic chuck having the
dielectric layer.

BACKGROUND OF THE INVENTION
Background Art

Conventionally, in semiconductor manufacturing equip-
ment, liquid crystal display manufacturing equipment, and
the like, an electrostatic chuck is used to attract and support
various substrates (hereinafter, simply referred to as “sub-
strate”) such as a wafer of Si or the like, a sapphire substrate,
a glass substrate for FPD, and a TFT substrate. Electrostatic
chucks are often formed of materials having aluminum oxide
or aluminum nitride, which is excellent in heat resistance or
corrosion resistance, as a main phase. Among these materials,
the material of aluminum oxide is easily available and is
easily produced.

An electrostatic chuck typically has a structure illustrated
in FIG. 1. A member attracting and supporting a substrate is
referred to as a “dielectric layer 2”. The surface on which a
substrate is supported with the dielectric layer 2 is a “mount-
ing surface a”. The rear surface of a mounting surface a is
provided with “electrodes 6” for supplying current necessary
for electrostatic attraction. A “base 4” for supporting the
dielectric layer 2 with the electrodes 6 interposed therebe-
tween, and the electrodes 6 are sealed with the dielectric layer
2 and the base 4. The dielectric layer 2, the electrodes 6, and
the base 4 are generically referred to as an “electrostatic
chuck 10”. In some cases, a heater 8 may be embedded in the
base 4. The dielectric layer 2 and the base 4 may be formed of
the same material or different materials. It is preferable that
both members be formed of the same material and have a
unified structure.

The electrostatic chuck 10 is fixed onto a backing plate 20.
The backing plate 20 is typically formed of a high thermal
conducting metal obtained by performing alumite treatment
on the surface of an aluminum alloy. The backing plate 20 is
often controlled in temperature through the use of a cooling
water channel 22 installed therein.

The electrostatic chuck 10 and the backing plate 20 are
generically referred to as a “chuck unit 100”.

A dielectric layer for an electrostatic chuck using static
electricity, which is used in semiconductor manufacturing
equipment or the like, can be roughly classified into a type
(Coulomb type) using a Coulomb force and a type (Johnsen-
Rahbek type) using a Johnsen-Rahbek force.

The Johnsen-Rahbek type has an advantage that it has a
larger attraction force and attracts an object with a lower
voltage in comparison with the Coulomb type. The Johnsen-
Rahbek type has an advantage that the voltages at the time of
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attraction and escape are relatively low. On the other hand,
there is a possibility that leak current to be described later may
be generated.

The Johnsen-Rahbek type dielectric layer of an electro-
static chuck typically requires volume resistivity of about 10*
to 10'? (Q-cm). When volume resistivity of a dielectric layer
is lower than the above-mentioned volume resistivity, good
attraction characteristics is not obtained, and current leaks to
a substrate with a fall in withstanding voltage to destroy
circuit elements formed on the substrate. The current flowing
in the substrate is referred to as leak current.

The Johnsen-Rahbek type dielectric layer for an electro-
static chuck requires following characteristics in addition to
the volume resistivity.

First, a characteristic that corrosion resistance to the atmo-
sphere in semiconductor equipment is sufficient is required.
Particularly, halogen plasma gas having a high corrosion
property is used in a plasma etching process. Therefore, cor-
rosion resistance to the plasma gas (hereinafter, simply
referred to as “corrosion resistance”) is required. When this
corrosion resistance is low, reaction products produced from
electrostatic chuck components and plasma gas are diffused
in the equipment. The diffused products serve as grains and
are attached to a substrate to have an adverse influence such as
contamination or short-circuit.

In general, when a substrate is attracted and supported,
pores on the surface of the electrostatic chuck and pores
therein are not desirable. Pores have an adverse influence on
the attraction and support of a substrate. Pores make grains be
attached to the substrate and make cleaning the inside of the
equipment difficult, because the pores hold the grains.

Then, with an increase in size of a substrate and a decrease
in size of circuitry, there is a demand for high profile accuracy
in an electrostatic chuck. The processing accuracy of a poly-
crystalline ceramic material greatly depends on the crystal
grain size. Accordingly, the smaller the grain size of a mate-
rial is, the sharper the edge angle is and thus higher-accuracy
processing is possible.

When an electrostatic chuck is formed of a ceramic mate-
rial having a relatively larger grain size, grain-escaped marks
that may be formed at the time of contact with a wafer or
processing a wafer become larger. Since the grain-escaped
marks hold grains, similarly to the above-mentioned pores,
substrate quality degrades.

The larger the crystal grain size becomes, the lower the
mechanical characteristics become, particularly, bending
strength. The lowering in mechanical characteristics generate
grains due to destruction of members or grain escape.

That is, materials having a crystalline microstructure can
be preferably used as the material used in an electrostatic
chuck.

A lot of materials having aluminum oxide or nitride have
been proposed as the material for an electrostatic chuck.
Particularly, aluminum oxide is often used, but a single-phase
material of aluminum oxide has very high volume resistivity
of 10" (€-cm) or more and thus cannot be used for a Johnsen-
Rahbek type electrostatic chuck without any change.

For example, in a pure single-phase material of aluminum
oxide of 99.5% or more, grain growth with pores included
therein is marked and it is difficult to obtain a dense sintered
compact using a typical sintering method. It is preferable that
a material for an electrostatic chuck have a small grain size.

On the other hand, a Coulomb type electrostatic chuck can
be used when a dielectric layer thereof has volume resistivity
of 10" Q-cm or more, and the other required characteristics
are the same as in the Johnsen-Rahbek type.
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An example where one or more types of additives are added
to materials having aluminum oxide or nitride and the result-
ant is used as a material of a Johnsen-Rahbek type electro-
static chuck is disclosed in Patent Documents 1 to 3.

Patent Document 1 discloses an electrostatic chuck of a
material having aluminum nitride, which includes aluminum
nitride as a major component and includes 10 mol % to 30 mol
% of TiN and 5 mol % to 20 mol % of Ce in conversion into
oxide. It is mentioned that conductive TiN is added to alumi-
num nitride as an insulator to lower volume resistivity,
whereby a Johnsen-Rahbek type electrostatic chuck is
obtained.

Since the electrostatic chuck disclosed in this patent docu-
ment includes aluminum nitride as a major component, ther-
mal conductivity thereof can be raised. However, since TiN
has low resistance to corrosive plasma gas such as CF,, it is
preferable for maintenance of substrate quality that the con-
tent be as small as possible. However, in this patent document,
since the material includes at least 10 mol % of (about 9 vol
%) of TiN, the degradation in substrate quality due to Ti
cannot be avoided.

Patent Document 2 discloses an electrostatic chuck having
a composition of 99.4 wt % or more of aluminum oxide as a
major component and 0.2 to 0.6 wt % of titanium oxide and
having volume resistivity of 10® (Q-cm) to 10*! (Q-cm) at a
room temperature. This patent document states that by
employing the aforementioned configuration, an electrostatic
chuck with good responsiveness which has excellent attrac-
tion of an object and escape characteristics is obtained.

However, the addition of titanium oxide to aluminum oxide
causes a large variation in volume resistivity depending on
conditions such as a firing temperature or a firing atmosphere
and it is thus difficult to accurately control the volume resis-
tivity in a sintering method. Since a color tune varies due to
variations in any of sintering conditions, it is not suitable for
mass production. This is partially because composite oxide
such as aluminum titanate is produced from aluminum oxide
and titanium oxide. The addition of titanium oxide cannot
satisfactorily suppress grain growth of aluminum oxide.

Patent Document 3 discloses ceramics in which one or
more types of conductive ceramics out of TiC, TiN, WC, TaC,
MoC, NbC, and VC are dispersed in insulator ceramics such
as Al, O, ZrO,, SizN,, and AIN, which has volume resistivity
of 1x1072 (Q-cm) or less and has conductive ceramic grains of
2 um or less. However, a desired electrostatic chuck cannot be
obtained in this range of volume resistivity.

[Patent Document 1] Japanese Patent Application Laid-Open

No. 2000-143349
[Patent Document 2] Japanese Patent Application Laid-Open

No. 2006-049356
[Patent Document 3] Japanese Patent Application Laid-Open

No. 2008-087988

SUMMARY OF THE INVENTION

The invention is related to a dielectric layer for an electro-
static chuck including a ceramic material that includes an
aluminum oxide as a major component. In a first phase of the
aluminum oxide, a second phase is dispersed. The second
phase includes composite carbonitride of Ti and an Me
expressed by (Ti, Me)(C, N). The Me contains one or more of
transition elements of Group 3 to Group 11 of the periodic
table.

A volume ratio of the second phase may be in a range of
0.05 vol % to 2.5 vol %. An average grain size of the com-
posite carbonitride may in a range of 10 nm to 300 nm. The
Me may be one or more elements of Group 4 to Group 6 of the
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periodic table. The Me may be Mo or two or more of transi-
tion metals that includes Mo. The (Ti, Me)(C, N) may be
(Ti;_, Me )(C,_,, N,) wherein 0.02=x<0.3 and 0.1=y=0.7.

-x3

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a diagram illustrating a typical structure of an
electrostatic chuck.

DESCRIPTION OF THE INVENTION

In order to cause an electrostatic chuck to exhibit a large
attraction force, it is important that a dielectric layer thereof
has appropriate volume resistivity. As described above, alu-
minum oxide has a relatively low cost and has high corrosion
resistance. However, ceramics of a single phase of aluminum
oxide do not have volume resistivity suitable for an electro-
static chuck using a Johnsen-Rahbek force. Accordingly, a
second phase for giving slight conductivity (10* to 10'?
Q2-cm) is necessary in addition to a first phase of aluminum
oxide.

However, as described above, an electrostatic chuck
requires a decrease in grains and contamination and mechani-
cal strength of such an extent to cause grains to not easily
escape, in addition to the attraction characteristic. For
example, a rise in energy of an etching process and non-
degradable cleaning are introduced for the purpose of arise in
throughput, and the electrostatic chuck is exposed to a plasma
environment of halogen-based corrosive gas. On the other
hand, the corrosion content in the dielectric layer for an
electrostatic chuck according to the related art including a
predetermined amount or more of the second phase which is
poorer in corrosion resistance than aluminum oxide cannot be
reduced.

Ifthe corrosion resistance is the only problem, it is possible
to suppress degradation in resistance to the corrosive plasma
gas by reducing the content of the second phase. However, the
volume resistivity cannot be satisfactorily lowered by the
addition of a small amount of additives other than TiO,. On
the other hand, when TiO, is added, the volume resistivity can
be satisfactorily lowered with a small amount, but grains of
aluminum oxide grow large in size. Accordingly, when the
grains escape, the dielectric layer is greatly damaged. As
described above, this is not suitable for mass production.

In consideration of the above-mentioned circumstances, an
object of the present invention is to provide a dielectric layer
for an electrostatic chuck having the following characteris-
tics:

(1) that the dielectric layer exhibits volume resistivity suit-
able for attraction using a Johnsen-Rahbek force;

(2) that the volume of additives added to aluminum oxide is
sufficiently small and grains harmful to a substrate are less
produced;

(3) that an amount of pores is small, that is, a relative
density is sufficiently high;

(4) that the dielectric layer has microstructures, has high
mechanical strength and high processing accuracy, and has a
small grain-escaped size; and

(5) that volume resistivity and color tone are not affected by
any variation in sintering conditions and mass production is
stably possible.

A dielectric layer for an electrostatic chuck according to
the present invention is a ceramic having aluminum oxide
(Al,0;) as a main phase. The dielectric layer is an insulator
having volume resistivity of 10'® (€2-cm) or more in a simple
material of aluminum oxide.



US 9,120,704 B2

5

As described above, a Johnsen-Rahbek type electrostatic
chuck requires volume resistivity of about 10* (Q-cm) to 10*3
(€-cm). Accordingly, an additive for lowering the volume
resistivity is added to the main phase.

The additive is composite carbonitride of titanium and a
transition element. The composite carbonitride is expressed
by a chemical formula of (Ti, Me)(C, N). The composite
carbonitride can be expressed by (Ti,, Me, )(C,N, ) in con-
sideration of components thereof. Me in the chemical formula
represents one or two or more types of transition elements in
Group 3 to Group 11 of'the periodic table other than Ti. Ti and
Me are both essential, particularly, x has a value 0of 0.02 t0 0.3
and y has a value of 0.1 to 0.7.

The composite carbonitride has an NaCl structure, and is
not stably present as a single phase when x is greater than 0.3.
When x is less than 0.02, powder is easily oxidized. When y
is greater than 0.7, N easily escapes at the time of producing
the powder and it is difficult to obtain powder having stable
quality. Wheny is less than 0.1, the powder is easily oxidized,
similarly to x.

Among the transition metals, more suitable element Me is
transition elements in Group 4 to Group 6 of the periodic table
and are specifically one or two or more types of Zr, Hf, V, Nb,
Ta, Cr, Mo, and W.

It is preferable that the composite carbonitride is dispersed
by 0.05 vol % to 2.5 vol % in a sintered compact. The com-
posite carbonitride is conductive grains and is fine grains as
described later. By forming carbonitride in fine grains and
dispersing the carbonitride by 0.05 vol % or more in the
sintered compact, the resistivity of the dielectric layer can be
easily set to be in a range of 10® to 10'® (Q-cm). When the
content of carbonitride is less than 0.05 vol %, the volume
resistivity may not be lowered to the above-mentioned range.
On the other hand, when the content of carbonitride is greater
than 2.5 vol %, the volume resistivity may be excessively
lowered.

The average grain size of the composite carbonitride is
preferably in a range of 10 nm to 300 nm. The composite
carbonitride as a starting material can be produced to be very
fine in the range of 10 nm to 300 nm by satistying both of
compounding of Ti and a transition element and forming
carbonitride. On the other hand, it is difficult to atomize
carbonitride of a simple material of a transition element,
carbide of a composite transition element, and nitride of a
composite transition element to this size using the presently-
available techniques.

In composite carbonitride itself, grain growth at the sinter-
ing temperature is hardly caused. Accordingly, the grain size
is equal to or slightly larger than the grain size of raw powder
(for example, a raw material of 200 nm becomes 300 nm in a
sintered compact). This is a feature of composite carboni-
tride. The grains of carbide, nitride, composite carbide, or
composite nitride of the simple element make it difficult to
reduce the grain size of a starting material as small as the
composite carbonitride and relatively easily cause grain
growth at the sintering temperature. Accordingly, when these
materials are used, it is markedly difficult to have an average
grain size of 300 nm or less after the sintering.

When the average grain size of the composite carbonitride
is small, it contributes to maintenance of surface roughness of
a mounting surface. When the grains of composite carboni-
tride which is poorer in corrosion resistance than aluminum
oxide are 300 nm or less, the surface roughness of the mount-
ing surface after corrosion is suppressed to be small.

The composite carbonitride does not chemically react at
the sintering temperature (1200° C. to 2000° C.) of aluminum
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oxide and is stable mutually. For example, a reaction phase, a
variation in composition at the grain boundary, and the like
are not recognized.

Since a conductive path can be easily formed at the crystal
grain boundary of aluminum oxide with a relatively small
amount by adding fine carbonitride with an average grain size
0of'300 nm or less, itis possible to reduce volume resistivity by
addition of a smaller amount in comparison with the grains of
carbide, nitride composite carbide, or composite nitride of the
simple element.

As described above, since typical additives such as TiC has
low resistance to corrosive gas plasma and causes grains and
contamination to give a great trouble to a substrate, it is
preferable that the content thereof be as small as possible. On
the other hand, since aluminum oxide has satisfactorily high
corrosion resistance as described above, aluminum oxide is a
very suitable material from the viewpoint of contamination in
the equipment. It is advantageous that carbonitride is sup-
pressed to a smaller content than aluminum oxide to set
desired volume resistivity.

The composite carbonitride expressed by (Ti, Me)(C, N)
causes a good effect of suppressing grain growth of aluminum
oxide. The composite carbonitride can be formed as very fine
grains and exhibits the grain growth suppression effect even
with a small amount of 0.05 vol %. Particularly, it is possible
to markedly suppress grain growth with 0.5 vol % or more.

The effect of suppressing grain growth of composite car-
bonitride depends on the grain size of a starting material, and
the average grain size of aluminum oxide can be typically set
to 5 um or less. Accordingly, it is possible to realize high
mechanical strength and also to minimize production of
grains even when grains escape in use. In addition, the surface
roughness of the mounting surface is small.

A sintering agent or the like can be also added in addition
to aluminum oxide and composite carbonitride. For example,
MgO, 7Zr0O,, Y,0;, TiC, CaO, Ce,0;, La,0;, and SiO, may
be added. The dielectric layer may be allowed to include other
compounds in addition to aluminum oxide and composite
carbonitride. The allowed amount is about 5 vol % or less with
respect to aluminum oxide. That is, the volume ratio of alu-
minum oxide occupying the first phase (main phase) having
aluminum oxide as a major component is typically more than
95 vol %.

In ceramics in which TiO, is added to aluminum oxide,
variations in volume resistivity and color tone occur due to
any variation in sintering conditions as described above. This
is because the reduced state of TiO, varies depending on the
sintering temperature or atmosphere and aluminum oxide and
TiO, cause a chemical reaction or solid solution at the sinter-
ing temperature. Aluminum oxide and (Ti, Me) (C, N) form-
ing the electrostatic chuck according to the present invention
do not cause solid solution or reaction mutually. Accordingly,
it is possible to produce the dielectric layer without any
change in volume resistivity or color tone by controlling the
composition ratio or the grain size of a starting material.

According to the present invention, it is possible to provide
a dielectric layer for an electrostatic chuck having the char-
acteristics of (1) to (5). Ina Johnsen-Rahbek type electrostatic
chuck, it is possible to atomize the structure and to enhance
corrosion resistance to plasma gas and mechanical strength.

EMBODIMENTS

A dielectric layer for an electrostatic chuck according to
the present invention can be typically produced and used in
the following forms.
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Aluminum oxide with an average grain size 0f 0.2 um to 3
um is used as a main phase in raw powder. Aluminum oxide
may have high purity or may have a small amount of sintering
agent such as MgO, ZrO,, TiO,, TiC, Y,0;, CaO, Ce,0,,
La,0;, and SiO, added thereto.

Composite carbonitride is composite carbonitride of a tran-
sition element necessarily including Ti. When a transition
element is expressed by Me, the composite carbonitride can
be expressed by a chemical formula of (Ti, Me) (C, N). A
starting material of composite carbonitride used for the raw
powder of the electrostatic chuck has an average grain size of
10 nm to 200 nm. The composite carbonitride may be
obtained using a reduction method, a gas phase method, or a
liquid phase method or may be obtained using a grinding
method. As described above, transition elements (from which
Ti is excluded) of Group 4 to Group 6 of the periodic table are
preferably used as Me and one or both of W and Mo can be
more preferably used.

The mixing ratio of both is estimated so that the main phase
of'aluminum oxide ranges from 97.5vol % to 99.95 vol % and
a composite carbonitride phase ranges from 0.05 vol % t0 2.5
vol %. For example, when an additive other than the compos-
ite carbonitride, such as a sintering agent of Al,O;, is added,
the additive is treated to be included in the main phase. This is
because the volume fraction of composite carbonitride is
important.

After the weighing of the powder, the powder is mixed at
the above-mentioned ratio and is pulverized in some cases. A
ball mill, an attritor, a mixer, and a beads mill can be repre-
sentatively used in this process, but the method is not limited
as long as the powder can be satisfactorily mixed. A wet
method or a dry method may be used. When the wet method
is used, the resultant is additionally dried later to obtain mixed
powder.

The mixed powder is input to a hot-pressing mold in a state
where the mixed powder is maintained as powder or in a state
where the mixed powder is mechanically pressed once into a
green compact.

The hot pressing can be performed using a known method.
The specific temperature and pressure ranges from 1100° C.
to 2000° C. and from 5 MPa to 30 MPa, respectively. The
maintenance time suitably ranges from about 10 minutes to 2
hours.

The hot-pressed body after being cooled is taken out, and
the surface shape thereof is arranged through the use of
mechanical processing and is processed into a final shape.

The sintering using hot pressing has been described above,
but when mold pressing or molding before being sintered is
performed, a molding binder may be added thereto after
mixing the powder. The molding binder may employ aknown
organic binder such as paraftin, PVA (Polyvinyl Alcohol), and
PEG (PolyEthylene Glycol). The organic binder is vaporized
and evaporated in a range of 200° C. to 600° C. by heating the
organic binder before being sintered. This degreased body
may be sintered in a vacuum or in the atmosphere of reducing
gas.

EXAMPLES

In these examples, conditions and physical properties for
obtaining the dielectric layer for an electrostatic chuck
according to the present invention under various conditions
will be described.
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Commercially-available powder with an average grain size
ot 0.5 um and purity of 99.9% was used as aluminum oxide
constituting the main phase.

Raw powder with an average grain size of 1 pm to 2 um and
purity of 99% or more was used as TiO, and TiC which are
sintering agent and the like arbitrarily included in the main
phase.

Powder with an average grain size of 100 nm and purity of
99.5% or more was used as the composite carbonitride pow-
der. The composition thereof is expressed by (Ti, Me) (C, N).

Raw powder with an average grain size of 0.5 um (500 nm)
was used as starting materials of oxide, carbide, nitride, com-
posite carbide, and composite nitride other than described
above. These are larger in grain size than the composite car-
bonitride powder but powder finer than this grain size is
hardly available.

The starting materials were mixed in the blending compo-
sitions shown in Table 1.

Hereinafter, from the mixture to the evaluation will be
described using No. 3 sample in Table 1.

In the compositions shown in Table 1, the aluminum oxide
powder and the composite carbonitride powder were weighed
so as to be 99.5:0.5 in conversion of volume fraction after
being sintered, methanol and alumina balls are added thereto,
and the resultant was pulverized and mixed with a ball mill for
20 hours to obtain slurry. Powder of (Ti, {Mog 5)(Cy ¢Ng 4)
was used as the composite carbonitride powder.

The slurry was dried with a spray dryer and was granulated
to obtain mixed powder.

The mixed powder was subjected to hot pressing with a
pressure of 15 MPa in a flow of nitrogen gas in a hot-pressing
furnace. Sintering was first performed at the sintering tem-
perature of 1400° C. and suitable conditions were found out in
such a method of raising the temperature by 50° C. when the
relative density of 99% or more could not be obtained. Since
the relative density exceeded 99% at 1650° C., this tempera-
ture was set as the sintering temperature (the sintering tem-
peratures of other samples were set in the same way). When
the relative density did not reach 99% even by raising the
temperature of No. 3 sample and a comparative sample, the
highest relative density out of the obtained densities was
described.

The resultant sintered compact was mechanically pro-
cessed in the shapes of a volume resistivity measurement test
sample ($20x1.5 mm) and a transverse rupture strength test
sample (3x4x40 mm) by the use of a grinding machine, and
the average crystal grain size, the volume resistivity, and the
mechanical properties of aluminum oxide were measured.
The volume resistivity was measured using the method
described in JIS C2151. The volume resistivity was measured
at 100° C. close to the actual use environment of an electro-
static chuck.

Using the above-mentioned method, the same test was

performed on samples having different compositions shown
in Table 1. The measurement results are shown in Table 1.
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TABLE 1
Volume resistivity Relative  Average grain size
Sample Composition (vol %) (100° C.) density of ALO;

No.  with balance of Al,O3 (Q-cm) (%) (pm)
1 0.05% (Ti,Mo)(C,N) 3.7 x 101 98.0 9.4

2 0.1% (Ti,Mo)(C,N) 2.5x 104 98.6 10.2

3 0.5% (Ti,Mo)(C,N) 1.0 x 101! 99.8 33

4 1% (Ti,Mo0)(C,N) 6.9 x 10° 99.9 2.6

5 1.5% (Ti,Mo)(C,N) 2.9 % 10° 99.8 22

6 2% (Ti,Mo)(C,N) 4.5 % 108 99.3 22

7 2.5% (Ti,Mo)(C,N) 1.2 x 108 98.9 1.9

8  0.5% (Ti,Mo)(C,N)—0.5% TiO, 2.6x 10'© 98.1 7.8

9 0.5% (Ti,Mo)(C,N)—0.5% TiC 3.8 x 10'° 99.5 3.4
10 1.5% (Ti,W)(C,N) 3.0x10° 99.1 2.8
*11 5% (Ti,Mo)(C,N) Less than 10% 98.2 1.2
%12 0.5% TiO, 2.2x 102 97.3 27.5
*13 2% TiO, Less than 10% 98.9 10.3
*14  0.5% TiC More than 103 98.6 10.9
*15 2% TiC 2.4 % 10° 99.4 4.2
%16 2% TiN 3.6 x 10%° 99.3 4.6
*17 2% ZiN More than 103 99.6 5.4
*18 2% ZrB, More than 103 99.4 4.9
*19  Simple material of ALO; More than 10*3 97.0 29.9

o

In Table 1, samples denoted by mark

The following facts can be seen from the results of Table 1. ’s

(Crystal Grain Size)

The structures of Sample Nos. 1 to 10 which are samples
within the scope of the present invention were observed using
a SEM (Scanning Electron Microscope). It was confirmed
that the average crystal grain sizes of aluminum oxide in
Sample Nos. 1 to 10 of the present invention were smaller
than those in *Comparative Sample Nos. 11 to 19. That is, by
adding fine composite carbonitride (Ti, Me) (C, N) (where
Me is Mo or W) having a higher grain growth suppression
effect in comparison with other additives, the crystal grain
size of aluminum oxide could be satisfactorily reduced. This
is clear from comparison of Sample No. 3 to which an addi-
tive of the second phase was added by as much with *Com-
parative Sample Nos. 12 and 14 and comparison of Sample
No. 6 with *Comparative Sample Nos. 13, 15, 16,17, and 18.
Sample No. 10 is an example where (Ti, g5, W ;5)(Cq 7, N 5)
was used as the composite carbonitride. It could be seen that
the operation of reducing the crystal grain size of aluminum
oxide was slightly lower than that of a sample using (Ti,
Mo)(C, N) but was high even when a transition element other
than Mo was used as Me.

The average grain sizes of the aluminum oxide phase in
Sample Nos. 1 to 10 were in a range of 1.9 um to 10.2 um.
Particularly, the average grain sizes in Sample Nos. 3 to 7 and
10 were very small and were in a range of 1.9 pm to 3.3 pm.
On the other hand, the average grain sizes of *Comparative
Sample Nos. 12 and 13 including aluminum oxide and TiO,
by 0.5 vol % to 2 vol % were 10.3 um and 27.5 um, respec-
tively. In general, escape of ceramic grains occurs in the unit
of crystal grains with destruction of the grain boundaries.
Accordingly, even when grains escape in the dielectric layer
for an electrostatic chuck according to the present invention,
the grain-escaped size and amount are very small in compari-
son with a dielectric layer for an electrostatic chuck based on
the aluminum oxide-TiO, system according to the conven-
tional art.

(Volume Resistivity)

Sample Nos. 3 to 6 within the scope of the present inven-
tion and *Comparative Sample Nos. 12 to 18 have the same
volume fraction of the second phase. In comparing the vol-
ume resistivity of Sample No. 3 with *Comparative Sample
Nos. 12 and 14 and comparing the volume resistivity of

40

45

50

55

are comparative samples departing from the scope of the present invention.

Sample No. 6 with *Comparative Sample Nos. 13, 15,16, 17,
and 18, the ceramics of the present invention exhibited a
lower value. That is, by using fine composite carbonitride (Ti,
Mo)(C, N) in which grains hardly grow during sintering, the
volume resistivity could be lowered with the smaller volume
fraction of the second phase. It could be seen that the amount
of additive necessary to realize equivalent volume resistivity
was smaller than those of other additives. The ceramics of the
present invention are small in average grain size as described
above, and when the compositions are equal, the smaller the
grain size of a structure becomes, the higher the strength or
hardness becomes and thus it is difficult to destroy the struc-
ture, which is an advantage of the present invention.

Sample Nos. 1 to 10 in which the amount of the composite
carbonitride (Ti, Me)(C, N) (where Me is Mo or W) phase
ranges from 0.05vol % to 2.5 vol % exhibit volume resistivity
in a range of 10% to 10'* (Q-cm), which are suitable for a
Johnsen-Rahbek type electrostatic chuck.

(Other Characteristics)

Three-point bending strength and Vickers hardness were
measured. The bending strength was measured using a three-
point bending method (JIS R 1601). The Vickers hardness
was tested with a welding pressure of 1 Kgf. The volume
resistivity was measured at a room temperature using a
method described in JIS C 2151.

Sample Nos. 1 to 10 constituting the dielectric layer for an
electrostatic chuck according to the present invention had
three-point bending transverse rupture strength in a range of
400 MPa (Sample No. 1) to 712 MPa (Sample No. 7) and
Vickers Hardness in a range of 1517 Hv (Sample No. 1) to
2014 Hv (Sample No. 5), which were characteristics causing
no problem in use as the dielectric layer for an electrostatic
chuck.

The preceding description has been presented only to illus-
trate and describe exemplary embodiments of the present
dielectric layer for electrostatic chuck and electrostatic
chuck. It is not intended to be exhaustive or to limit the
invention to any precise form disclosed. It will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof with-
out departing from the scope of the invention. In addition,
many modifications may be made to adapt a particular situa-
tion or material to the teachings of the invention without
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departing from the essential scope. Therefore, it is intended
that the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments
falling within the scope of the claims. The invention may be
practiced otherwise than is specifically explained and illus-
trated without departing from its spirit or scope.
What is claimed is:
1. A dielectric layer for an electrostatic chuck comprising:
a ceramic material that includes an aluminum oxide,
wherein
in a first phase of the aluminum oxide, a second phase is
dispersed;
the second phase comprises composite carbonitride of Ti
and an Me expressed by (Ti, Me)(C, N); wherein
the Me comprises one or more of transition elements of
Group 3 to Group 11 of the periodic table;
a volume ratio of the second phase being in a range of
0.05% to 2.5% by volume.
2. The dielectric layer according to claim 1, wherein an
average grain size of the composite carbonitride is in a range
of 10 nm to 300 nm.
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3. Thedielectric layer according to claim 1, wherein the Me
is one or more elements of Group 4 to Group 6 of the periodic
table.

4. The dielectric layer according to claim 1, wherein the Me
is Mo or at least two types of transition metals that includes
Mo.

5. The dielectric layer according to claim 1, wherein the
(Ti, Me)(C, N) is (Ti, Me )(C,_N,) where 0.02<x<0.3 and
0.1=y=0.7.

6. An electrostatic chuck comprising the dielectric layer
according to claim 1.

7. An electrostatic chuck comprising the dielectric layer
according to claim 2.

8. An electrostatic chuck comprising the dielectric layer
according to claim 3.

9. An electrostatic chuck comprising the dielectric layer
according to claim 4.

10. An electrostatic chuck comprising the dielectric layer
according to claim 5.



